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OLWHUDWXUHUHYLHZRQFXUUHQWO\DYDLODEOHULVNDVVHVVPHQWWRROV*)'55VL[VRIWZDUHWRROVGHDOLQJZLWKVKHOWHU
QHHGVHVWLPDWLRQZHUH LGHQWLILHG6<1(5*+$=86(5*2(4 WKH0&((5PRGHO
&KDQJHWDO,1$6$)(DQG5LVN6FDSH,QWKLVSDSHUDVXPPDU\GHVFULSWLRQRIHDFKVRIWZDUH
WRRO LV SUHVHQWHGZLWK DYLHZ WR LQWURGXFH LWVPDLQ IHDWXUHV$ ILQDO FRPSDULVRQ LV FDUULHGRXW WRKLJKOLJKWPDMRU
SRWHQWLDOLWLHVDQGVKRUWFRPLQJV
7HPSRUDU\KRXVLQJSUHGLFWLQJWRROV
2.1. SYNER-G 
7KH(XURSHDQ)3SURMHFW6<1(5*SUHVHQWHGDQDGYDQFHGPHWKRGRORJ\IRUSRVWGLVDVWHUVKHOWHU
QHHGV DVVHVVPHQW UHYHDOLQJ VWURQJ OLQNV EHWZHHQ VRFLRHFRQRPLF IDFWRUV LQIOXHQFLQJ WKH GHFLVLRQ WR VHHN IRU
DOWHUQDWLYHDFFRPPRGDWLRQDQGVWUXFWXUDOGDPDJHRUJHQHUDOO\VWUXFWXUDOKDELWDELOLW\EXLOGLQJXVDELOLW\XWLOLW\ORVV
DQGZHDWKHUFRQGLWLRQV,QWKH6<1(5*WRROWKHVKHOWHUQHHGVLQGH[61,LVDFRPELQDWLRQRIDGLVSODFHGSHUVRQV
LQGH['3,EDVHGRQDJHW\SHRIKRXVLQJKRXVHKROGWHQXUHSHUFHLYHGVHFXULW\DQGDVKHOWHUVHHNLQJLQGH[66,
EDVHGRQLQFRPHHWKQLFLW\HGXFDWLRQFDURZQHUVKLS6KHOWHUDFFHVVLELOLW\LVDOVRLQFOXGHGLQWKHVKHOWHUQHHGVLQGH[
)LJ















)LJ6<1(5*6KHOWHU1HHGV,QGH[KLHUDUFKLFDOPXOWLFULWHULDIUDPHZRUN-5&
7KH6<1(5*PRGHOLVDQRSHQVRXUFHFRGHWKDWSURYLGHVLQSXWIRUD0XOWL&ULWHULD'HFLVLRQ$QDO\VLVIUDPHZRUN
LQZKLFKDOORIWKHDERYHPHQWLRQHGIDFWRUVDUHZHLJKWHGDQGFRPELQHG7KHPDLQGLVDGYDQWDJHRIWKH6<1(5*
IUDPHZRUN LV WKH OLPLWHG DGDSWDELOLW\ DV LW UHTXLUHV D VLJQLILFDQW DPRXQW RI WLPH WR DGDSW WKH FRGH WR VSHFLILF
FKDUDFWHULVWLFV
2.2. HAZUS-MH 
+$=860+LVDJHRJUDSKLFLQIRUPDWLRQV\VWHPEDVHGVRIWZDUHSODWIRUPIRUQDWXUDOKD]DUGORVVDQGULVN
DVVHVVPHQWGHYHORSHGE\WKH)(0$LQWKH86,WUHSUHVHQWVFHUWDLQO\RQHRIWKHPRVWZLGHO\XVHGHDUWKTXDNHORVV
HVWLPDWLRQ VRIWZDUH WRROV WKDW DUH DOVR FDSDEOH RI FDOFXODWLQJ VKRUW WHUP VKHOWHU QHHGV 7KLV LV DFFRPSOLVKHG E\
FDOFXODWLQJ ILUVW WKHQXPEHURIGLVSODFHGKRXVHKROGVGXH WR ORVVRIKDELWDELOLW\ LH UHODWHG WRVWUXFWXUDOGDPDJH
HVWLPDWHGXVLQJHJSXVKRYHUDQDO\VLV±3LQKRHWDO0RQWHLURHWDODQGWKHQZHLJKWLQJWKLVYDOXHZLWK
RWKHUVRFLRHFRQRPLFYDULDEOHVVXFKDVLQFRPHHWKQLFLW\DJHDQGRZQHUVKLS:KLOVWFRQVLGHULQJERWKSK\VLFDODQG
VRFLDOYXOQHUDELOLW\PRGHOVWKHPDLQOLPLWDWLRQRI+$=860+UHODWHVWRWKHQXPEHURIGLVSODFHGSHRSOHZKLFKLV
EDVHGRQVWUXFWXUDOGDPDJHDQGVRFLRHFRQRPLFYDULDEOHVFDOLEUDWHGRQD86VRFLDOIDEULF)XUWKHUPRUHLWLVFHQVXV
EDVHGDQGVKHOWHUDFFHVVLELOLW\LVLJQRUHG±GLIIHUHQWO\IURP6<1(5*VKHOWHUPRGHO&KDQJHWDO
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2.3. ERGO-EQ 
(5*2(4LVDVHLVPLFULVNSODWIRUPGHYHORSHGDWWKH0LG$PHULFD(DUWKTXDNH&HQWHUDWXVHGWRHVWLPDWH
LPSRUWDQWGDWDIRUSODQQLQJDQGUHVSRQGLQJWRHDUWKTXDNHGLVDVWHUV,WDSSOLHVD&RQVHTXHQFHEDVHG5LVN0DQDJHPHQW
&50PHWKRGRORJ\WRHYDOXDWHDQGYLVXDOL]HH[SHFWHGSK\VLFDOHFRQRPLFDQGVRFLDOLPSDFWVRIVHLVPLFKD]DUGVRQ
JHRJUDSKLFUHJLRQV(5*2(4LPSOHPHQWVDPRGLILHGLPSURYHGYHUVLRQRIWKH+$=860+VKHOWHUDOJRULWKPDVLW
XWLOL]HVGLIIHUHQWGDPDJHVWDWHSUREDELOLWLHVIRUHVWLPDWLQJWKHQXPEHURIGLVSODFHGKRXVHKROGV)XUWKHUPRUH(5*2
(4WDNHVLQWRDFFRXQWWKHDFWXDOQXPEHURIGZHOOLQJVSHUUHVLGHQWLDOVWUXFWXUHDQGFDOFXODWHVKRXVHKROGGLVORFDWLRQ
IRUHDFKVLQJOHIDPLO\VWUXFWXUHUDWKHUWKDQE\WUDFWDQGWKHQDJJUHJDWHVWKHUHVXOWVDWFHQVXVEORFNOHYHO,QDGGLWLRQ
(5*2(4SUHVHQWVWZRDGGLWLRQDOGLVSODFHGKRXVHKROGDOJRULWKPVWKH/RJLVWLF5HJUHVVLRQ$SSURDFKEDVHGRQGLUHFW
HFRQRPLFGDPDJHDQGHWKQLFIDFWRUVHJSHUFHQWDJHRI%ODFNDQG+LVSDQLFSHRSOHDQGWKH2/6WKURXJKWKH2ULJLQ
$SSURDFKLQFOXGLQJDOVRWKHQXPEHURIYDFDQWKRXVLQJXQLWVDQGQXPEHURIVWUXFWXUHVZLWKRQHGHWDFKHGGZHOOLQJ
XQLW)LQDOO\WKHVRIWZDUHSURYLGHVDQHVWLPDWHRIERWKWKHSXEOLFVKHOWHUQHHGVE\DSSO\LQJ+$=86ORJLFDQGRI
VKHOWHUVXSSO\UHTXLUHPHQWV
2.4. MCEER Shelter Model 
7KH0&((5VKHOWHUPRGHOFRQVLVWVRIDOLQHDUVHWRIGHFLVLRQVGHSLFWHGLQ)LJXUHEDVHGRQWKHPRGHORI&KDQJ
HWDO7KH0&((5VKHOWHUPRGHOFDQEHVHHQDVDQLPSURYHPHQWRIWKH+$=860+PHWKRGRORJ\DQGFRQVLVWV
RIDVHTXHQFHRIIRXUTXHVWLRQVUDQJLQJIURPEXLOGLQJKDELWDELOLW\WRSHUFHLYHGGHVLUDELOLW\WROHDYHKRPHIXQFWLRQ
RI WHQXUH DJH KRXVLQJ FRQGLWLRQV ZHDWKHU DQG VKHOWHU SXEOLF RU QRW DFFHVVLELOLW\ SDUDPHWHUV GLVWDQFH FDU
RZQHUVKLS7KLVFRQFHSWXDOPRGHOGHSLFWVWKHGHFLVLRQPDNLQJSURFHVVDERXWVKHOWHUXVHDWKRXVHKROGOHYHODQGIRU
WKLVUHDVRQZDVWDNHQDVDUHIHUHQFHLQRWKHUPRGHOVVXFKDV6<1(5*7KH0&((5VKHOWHUPRGHOLVDWKHRUHWLFDO
PRGHOWKDWFDQEHLPSOHPHQWHGLQDVSUHDGVKHHW$VVXFKLWUHSUHVHQWVDIOH[LEOHWRROIRUULVNPDQDJHUVKRZHYHULW
QHHGVWREHLQWHJUDWHGZLWKDQRWKHUULVNDVVHVVPHQWVRIWZDUHSURYLGLQJWKHUHTXLUHGEXLOGLQJGDPDJHLQSXW


)LJ0&((5VKHOWHUPRGHO±FRQFHSWXDOIUDPHZRUN&KDQJHWDO>@
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2.5. InaSAFE
,QD6$)(ZDVGHYHORSHGZLWKLQDSURMHFWRIWKH$XVWUDOLD,QGRQHVLD)DFLOLW\IRU'LVDVWHU5HGXFWLRQ
$,)'5DQG*)'55DQGLVDSOXJLQWKDWWDNHVH[SRVXUHSRSXODWLRQEXLOGLQJVDQGKD]DUGGDWD00,IURPDQ\
PRGHO,WWKHQFRXSOHVLWZLWKVLPSOHYXOQHUDELOLW\IXQFWLRQVWRFDOFXODWHRXWSXWLQWHUPVRIGLVDVWHULPSDFWWKURXJKD
*8,LQD4*,6SOXJLQIRUP7KHVRIWZDUHLQFOXGHVDWRROWRPHDVXUHVKHOWHUQHHGVDPRXQWRIULFHGULQNLQJZDWHU
IDPLO\NLWVDQGWRLOHWVEDVHGRQWKHQXPEHURIGLVSODFHGSHRSOHHVWLPDWHGIURPWKHH[FHHGDQFHRIDQLPSRVHGOLPLW
IRUDVSHFLILFOHYHORIGDPDJH,QWKLVVHQVHWKHVRIWZDUHLVQRWDEOHWRSURGXFHDQHVWLPDWHRQWKHQXPEHURISHRSOH
LQQHHGRISXEOLFVKHOWHUWDNLQJLQWRDFFRXQWDOVRVRFLRHFRQRPLFIDFWRUV
2.6. RISKSCAPE 
5LVN6FDSHLVDQLQLWLDWLYHRIWKH1HZ=HDODQG*RYHUQPHQW¶V)RXQGDWLRQIRU5HVHDUFK6FLHQFHDQG
7HFKQRORJ\ZKLFKLQGHFLGHGWRIXQGWKHGHYHORSPHQWRIDQLPSDFWDQGORVVPRGHOOLQJWRRO7KHVRIWZDUH
LPSOHPHQWVDVHULHVRIIUDJLOLW\IXQFWLRQVSURYLGLQJVHYHUDOPHDVXUHVRIORVVZLWKUHVSHFWWRDSUHGHILQHGLQSXW
KD]DUGDQGLQFRUUHVSRQGHQFHWRHDFKDQDO\VHGDVVHW$PRQJVXFKORVVPHDVXUHVWKHRQHRILQWHUHVWIRUVKHOWHUQHHGV
FDOFXODWLRQLVUHSUHVHQWHGE\WKHKXPDQGLVSODFHPHQWPHDVXUHPHQW7KLVLVDVWDWHEDVHGIUDJLOLW\PHDVXUHPHQWDQG
UHSUHVHQWVWKHH[WHQWWRZKLFKKXPDQVDQGKXPDQDFWLYLWLHVDUHGLVSODFHGE\H[SRVXUHRIWKHDVVHWWRWKHKD]DUG$OO
WKHPHQWLRQHGFDOFXODWLRQVDUHPDGHIRUHDFKVSDWLDOXQLWPHVKEORFNFKRVHQE\WKHXVHU,QFRQFOXVLRQ5LVN6FDSH
SURYLGHVRQO\DPHDVXUHRIKXPDQGLVSODFHPHQWLQFOXGLQJWLPHQHHGHGEHIRUHUHRFFXSDWLRQUHO\LQJRQDVWDWH
EDVHGIUDJLOLW\PHDVXUHPHQW
5HVXOWVDQG'LVFXVVLRQV
$FRPSDULVRQRIWKHIHDWXUHVDQGSRWHQWLDORIWKHGLIIHUHQWVRIWZDUHWRROVLVSUHVHQWHGLQ7DEOHVDQG)URPWKH
REVHUYDWLRQRI7DEOHLVLWLPPHGLDWHWRQRWLFHWKDWDOOWKHDQDO\VHGPHWKRGRORJLHVLQFOXGHEXLOGLQJVWUXFWXUDO
GDPDJHEXLOGLQJXVDELOLW\DVDEDVLVIRUSRSXODWLRQGLVORFDWLRQHVWLPDWHV,QSDUWLFXODUIRU,QD6$)(DQG
5LVN6FDSHWKLVLVWKHRQO\SDUDPHWHUXVHGIRUWKDWFDOFXODWLRQZKLFKLVEDVHGRQWKHH[FHHGDQFHRIDQLPSRVHG
WKUHVKROGIRUDVSHFLILHGOHYHORIGDPDJHDQGDVWDWHEDVHGIUDJLOLW\PHDVXUHPHQWUHVSHFWLYHO\2QWKHRWKHUKDQG
WKHRWKHUPHWKRGRORJLHVZKLFKUHSUHVHQWIRXURXWRIVL[FDQDOVRSURYLGHDQDGGLWLRQDORXWSXWVKHOWHUQHHGV
HVWLPDWLRQ)RUWKLVDLPWKH\FRPELQHSK\VLFDOGDPDJHZLWKDEDVLFVHWRIVRFLDOYXOQHUDELOLW\LQGLFDWRUVDJH
LQFRPHHWKQLFLW\DQGKRXVHKROGWHQXUHWRFRPHXSZLWKDPLQLPDOO\DFFXUDWHHVWLPDWHIRUGLVORFDWHGSHRSOH

7DEOH3DUDPHWHUVLQFOXGHGLQSRSXODWLRQGLVORFDWLRQDQGRUVKHOWHUQHHGVFDOFXODWLRQ

3DUDPHWHUVLQFOXGHGLQSRSXODWLRQGLVORFDWLRQDQGRU
VKHOWHUQHHGVFDOFXODWLRQ
6<1(5
*
+$=86
0+
(5*2
(4 0&((5 ,1$6$)( 5,6.6&$3(
%XLOGLQJ6WUXFWXUDO'DPDJH%XLOGLQJ8VDELOLW\ 9 9 9 9 9 9
$JH 9 9 9 9  
,QFRPH 9 9 9 9  
(WKQLFLW\ 9 9 9 9  
+RXVHKROG7HQXUH 9 9 9 9  
8WLOLW\/RVV 9 9 9 9  
:HDWKHU&RQGLWLRQV 9  9 9  
+RXVLQJ7\SH 9   9  
&DU2ZQHUVKLS 9   9  
'LVWDQFHWR6KHOWHU 9   9  
3HUFHLYHG6HFXULW\ 9     
(QIRUFHG(YDFXDWLRQ$UHD 9     
(GXFDWLRQ 9     
'LUHFWHFRQRPLF'DPDJH   9   
1HLJKERXUKRRGFRQGLWLRQ    9  
)LUHLQXQGDWLRQDQGRWKHUKD]DUGRXVPDWHULDOV  9    

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7KHQWKHUHDUHILYHH[WUDYDULDEOHVZKLFKDUHXVHGLQ6<1(5*DQG0&((5VKHOWHUPRGHOGLVWDQFHWRVKHOWHU
FDURZQHUVKLSKRXVLQJW\SHZHDWKHUFRQGLWLRQVDQGXWLOLW\ORVVDQGVRPHYDULDEOHVZKLFKDUHH[FOXVLYHRIVSHFLILF
PHWKRGRORJLHVVHH7DEOH,QWHUPVRIRXWSXWSURGXFHG7DEOHSURYLGHVDVXPPDU\RIWKHPDLQILQGLQJV
&RQFOXVLRQV
,Q FRPSDUDWLYH WHUPV DPRQJ WKH VL[ FXUUHQWO\ DYDLODEOH VRIWZDUH WRROV DQDO\VHG 6<1(5* UHSUHVHQWV WKH
PHWKRGRORJ\ WKDW LQFOXGHV WKH ODUJHVW DQGZLGHVW UDQJHRISDUDPHWHUV LQSRSXODWLRQGLVORFDWLRQDQGVKHOWHUQHHGV
FDOFXODWLRQHYHQLILWVRXWSXWLVLQWHUPVRIUHODWLYHUDQNLQJH[SUHVVHGE\WKHGLVSODFHGSRSXODWLRQLQGH['3,DQG
VKHOWHUQHHGVLQGH[61,7KH0&((5VKHOWHUPRGHOUHVXOWVDUHDIXQFWLRQRIPDQ\RIWKHIDFWRUVXVHGLQ6<1(5*
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